A rare form of external cancer-namely, mnelanotic sarcoma-has also been accurately studied as regards its method of dissemination. Here research has been simplified by the fact that the dark coloration of the growth is practically the equivalent of a specific stain for cancer tissue, a desideratum at present lacking for other growths. The mode of dissemination in melanotic sarcoma has proved to be very similar to that found in breast cancer, and it can easily be demonstrated to the naked eye.
The spread of cancers of the mucous glands, and especially of cancer of the stomach, can sometimes be demonstrated by the use of the stain mucicarmine, which stains mucus red while leaving other tissues unstained. Wherever a. degenerate cancer-cell is present and mucus is formed, a pink stain is produced. Thus in situations where mucus is normally absent the track of a cancer can be followed with certainty. When a gastric cancer reaches the parietes at the umbilicus, an event which is not very rare, it is found to spread in the abdominal wall in exactly the same fashion as a breast cancer spreads from its point of origin.
There is thus a strong presumption that all carcinomata and sarcomata which cause infection of lyimphatic glands spread after the same fashion, and mainly by a process which I have termed perjneation of the lymphatic vessels.
Definition of Permeation.-Permeation is the continuous tendrillike growth of lines of cancer cells, by their own proliferative power along the smaller lymphatic vessels. It is to be sharply distinguished from infiltration, which is the growth of cancer cells through the intercellular spaces.
Lymphatic Anatomy.-For the proper understanding of the process we must consider some of the facts of lymphatic anatomy. What immediately concerns us is the arrangement of the lymphatics of the body-wall, of the skin, subcutaneous tissue, fascia and the superficial muscles. Here the leading fact is the existencq, just superficial to the deep fascia, of a plexus of vessels of microscopic size forming an investment for the body as complete as the skin itself. This plexus, the fascial lymphatic plexus, is the main highway for the spread of cancer in the superficial tissues. When invaded by cancer it becomes a kind of shirt of Nessus in which the victim perishes.
It is important to insist on the unity of this plexus, and on the fact that it offers no barrier anywhere to the spread of cancer through its meshes. It is drained by certain lymphatic trunks, which convey its lymph to the cervical, axillary and inguinal glands. The imaginary lines separating the tributary areas of these three sets of glands run at the level of the clavicle and of the umbilicus. These lines, togetherwith the middle line, divide the plexus into six areas, each of which has its own set of trunk lymphatics. No trunk lymphatics cross these lines, but the continuity of the plexus itself is not interrupted by themF
The fascial plexus is fed by little vertical tributaries which reach it on both aspects, from the skin above and from the muscles beneath. The lymphatics of origin of the skin are little blind finger-like processes, one in each papilla of the skin. A number of these unite to form one of the little vertical tributaries which run down to empty themselves in the fascial plexus.
SUMMARY OF CONCLUSIONS ON DISSEMINATION.
Dissemination is usually accomplished by the actual growth of cancer cells along the finer vessels of the lymphatic plexuses-"permeation." Embolic invasion of the regional lymphatic glands,.
though it almost invariably occtirs, only leads to invasion of theblood-stream after long delay; and the work of M. B. Schmidt shows that cancer cells which reach the blood usually disappear without giving rise to metastases.
Permeation takes place almost as readily against the lymph-stream as with it. It spreads through the lymphatic vessels around the primary neoplasm in much the same way as would a thick injection fluid introduced into the tissues by a syringe. If in a late case of breast cancer one examines the region immediately around the macroscopic primary growth, no permeated lymphatics can be detected. Here and there ares secondary niodules of growth entirely isolated from one another and, from the primary neoplasm. If, however, the investigation is pushed still further from the primary growth, by the examination of long radial sections of the skin and underlying tissues, we arrive at a region beyond the remotest visible naked-eye metastasis and often lying far from the primary growth. In this region the microscopic growing edge of the carcinoma will usually be detected by careful microscopic search. The microscopic growing edge is to be sharply distinguished from the infiltrating edge of theprimary neoplasm where interstitial invasion of the surrounding tissues is occurring. At the peripheral microscopic growing edgethere is no interstitial invasion of the tissues, but the principal lymphatic plexus of the part-the plexus which lies upon the deep fascia-is found permeated throughout-that is to say, its vessels are obstructed by the growth of lines of cancer cells along them.
The disappearance of permeated lymphatics in the area which intervenes between the annular " microscopic growing edge " and the primary neoplasm is due to the destruction, after a time, of the cancerous permeated lymphatics by the defensive process of " perilymphatic fibrosis." The recognition of this process at once removes the difficulty that permeated lymphatics are absent in the region immediately surrounding the naked-eye primary growth.
The process of permeation follows the line of least resistance, and extends, at first exclusively, in the plane of the principal lymphatic plexus into which the lymph drainage of the cancerous organ passes. The annular microscopic growing edge of a breast cancer is therefore found in the plane of the fascial lymphatic plexus, upon, or just superficial to, the deep fascia. It is covered over by normal skin and has normal muscles lying beneath it.
If, however, the tissues are examined at points successively intermediate between the microscopic growing edge and the apparent edge of the primary growth, the cancer will be found penetrating the adjoining layers, the superjacent skin and the subjacent muscle, to a greater and greater depth, and forming nodular deposits therein, which may, however, be sporadic and few in number, and in some cases may be altogether absent.
Cancer thus spreads in the parietal tissues by permeating the lymphatic system like an invisible annular ringworm. The growing edge extends like a ripple, in a wider and wider circle, within the circumference of which healing processes take place, so that' the area of permeation at any one time is not a disk but a ring. The spread of cancer in the parietal tissues is, in fact, as truly a serpiginous process as the most typical tertiary syphilide. But in the case of cancer the spreading edge is invisible; and, moreover, the advancing microscopic growing edge of a cancer, owing to the failure at isolated points of the defensive process of perilymphatic fibrosis, may leave in its track, here and there, isolated secondary foci, which give rise to macroscopic metastases. Such nodules, in spite of their apparent isolation, arise in continuity with the primary growth, but perilymphatic fibrosis has destroyed the permeated lymphatics which formed the lines of communication.
We must now turn to the question of treatment.
In a number of cases, either because the disease is too advanced, or on account of some constitutional disease, surgical operation is excluded, and the treatment of breast cancer must be conducted solely by radiation.
Hitherto in many cases the only idea which has governed the exact site of application of X-rays to growths, of the breast has been that the breast itself should be irradiated, with the additional proviso that attention should be devoted to the axillary glands. Such an idea belongs to the same stage of development as the-surgical idea that the operation required for breast cancer is an amputation of the breast combined with removal of the axillary glands. In radiography, as in surgery, it is necessary that advances in pathological knowledge should be reflected in practice. Now that the idea of cancer of the breast as a local disease of an organ has to be replaced by the conception of it as a centrifugal invasion by permeation of the lymphatic system of the body, starting at the point of origin of the primary growth and spreading in a constantly enlarging circle which has no respect for anatomical boundaries, it is obvious that blindfold methods of applying X-rays require revision. It is especially necessary that the radiographer should know the exact site of origin of the primary growth in the breast, for otherwise he can only vaguely locate the area of his work. On the first occasion he sees the patient he should insist on making a complete inspection of the chest with the clothes removed. A chart should be made out on which the point of origin of the grow.th, as ascertained from the patient or the surgeon, should be marked, and a rough outline of the presumed circle of infected tissues should.be traced with a flesh pencil upon the skin, and drawn upon the chart as a guide to future work. Omission of the simple precaution of fixing the site of the primary growth may lead to an error of as much as 5 in. or 6 in. in the location of the circle of tissues to be radiated. In a case I saw a day or two ago a small carcinoma was situated in the fold below a voluminous breast. The 12-in. circle of presumed infection would extend at least down to the umbilicus. Yet if this case had been treated on general lines simply as a cancer 'of the breast without removal of the clothes and inspection of the growth, it is almost certain that the abdomen would have escaped radiation altogether. In view of the known facts as to MY-5 invasion of the abdomen directly through the linea alba in the epigastric angle the whole treatment might have been vitiated by the omission.
Position of the Patient durinq Radiation.-This same case raises another point. The small growth, lying in the fold below the breast, was protected in front from radiation by the whole thickness of the voluminous and pendulous mamma. It is therefore a question to be considered by the Section whether in certain cases of breast cancer the X-ray treatment should be conducted in the recumbent position and with other precautions, such -as the use 'of a sling or bandage to the breast for exposing the growth to the full force of the radiation. Growths of the outer edge of the breast are similarly protected against radiation by the whole thickness of the breast if the organ is well developed, unless the radiologist has previously secured himself, by inspection of the growth and suitable placing of his tube, against this unnecessary addition to his difficulties. Here if the case is treated on stereotyped lines, simply as one of cancer of the breast, the whole axillary region, or at least the scapular region, will probably escape radiation, and thus again the treatment may be vitiated. These points are obvious, but they are of fundamental importance, and I believe they are sometimes ignored by radiologists. Undue restriction, and -perhaps still more often, bad centring of the area of irradiation are in my opinion frequent causes of failure. The second error is inevitable unless pains are taken to investigate the peculiarities of the individual case by questioning and inspecting the patient.
Undue Restriction of the Field of Radiation.-It is not sufficient to apply radiation to the primary growth alone, nor even to apply it to the whole of the breast. We have seen that the most active portion of the growth is an invisible circle of permeation spreading through the lymphatics, quite inappreciable by clinical methods, and often reaching a diameter of 10 in. or 12 in. in moderately advanced cases. The most important service to be hoped for from radiation is not the destruction of massive deposits of already more or less degenerate cancer cells but the arrest of the spread of this growing edge of active cells. The achievement is unlikely to be attained unless it is deliberately aimed at. It involves the radiation of an area of the parietal tissues centred upon the primary growth and rather larger than the presumed area of the extension of permeation. The diameter of the radiation circle should, I estimate, lie between 12 in. and 16 in. It is not for me to suggest how this large area should be dealt with, but its periphery Section of Electro-Therapeutics is perhaps even more important than its centre, because the cells at the periphery are all young and active, while the massive primary growth resembles a half-extinct volcano. On the other hand a microscopic filament like a permeated lymphatic is more easily* penetrable than a naked-eye mass of cancer cells.
The Section should consider whether, an4 to what extent, the use of diaphragms is advisable in the X-ray treatment of breast cancer. In view of the large area to be covered it seems unadvisable to stopdown the tube too much. And in view of the facts I have adduced it is a question whether the area submitted to radiation is not frequently too small. 0 Prophylactic Radiation.-During the last fourteen years every case of breast cancer upon which I have operated has received, usually at the hands of your President, a. prophylactic course of X-rays. I have not adopted the practice of irradiating the wouSnd before closing it, believing that it is unnecessary and that it involves risk of sepsis, and of impairing the vitality of the flaps by chilling them. In my series of cases recurrence in the skin has been almost absent. Three of the five cases in which it took place occurred among the small percentage of cases which had escaped the usual prophylactic course of X-rays. This striking fact establishes to my mind the great prophylactic value of irradiation. In undertaking prophylactic irradiation the operator should bear in mind before beginning the irradiation:
(a) That the operation may have failed to extirpate a portion of the microscopic growing edge, and for the reasons alreadyh stated the area submnitted to radiation should be a circle of 12 in. or 14 in. in diameter centred upon the primary growth. It should not be forgotten that the periphery of this circle may be its most dangerous part, and that in fixing it regard should be had to the site of the growth in the breast. Neither the radiologist nor the surgeon can afford to ignore the law of centrifugal spread from the primary growth. The isolated nodules left in the track of the process of permeation, after its spread like a smouldering fire through the lymphatics, are often very amenable to radiation. But unless the spread of permeation at the microscopic growing edge be arrested no permanent good will result. It is to the peripheral region, just beyond the remotest visible deposits, that the special attention of the radiologist should be given. Here he may hope to arrest the process of dissemination by killing the microscopic growing edge. If his radiation is confined to the region of visible -deposits he can only hope for palliation. He must remember that in the long run the naked-eye manifestations of the disease are less important than its invisible microscopic extensions by which it ultimately reaches the vital organs.
(b) That microscopic foci may lurk in the supraclavicular or the anterior mediastinal glands of the same side. Of course the whole region of the growth must be irradiated, but if a method of operation has been employed aiming at extirpation of the microscopic growing edge, recurrence, if it takes place, will usually be late and will be found at the inner edge of the second, third, or fourth intercostal spaces or in the supraclavicular triangle of the same side. It is a question, therefoie, whether the dangerous regions thus indicated should not receive an extra dose of radiation.
(c) In late cases where the surgeon has jound advanced infection of the axilla the lateral chest wall must receive special attention.
Modern methods of operating have almost abolished axillary recurrence, but in advanced cases radiation of the axilla with the arm abducted is advisable.
It is not within the scope of this paper to consider the methods and dosage of radiation. But pathology and lymphatic anatomy must be as fundamental for the radiological as for the surgical treatment of cancer. In that belief I offer no apology for the claim upon your attention which I have made to-night. NATURAL CURE OF CANCER.
It is not possible to form a correct estimate of the value of radiation in cancer without taking into account the natural tendency of the disease to undergo.local repair. In a lecture on this subject I came to the conclusion that: " Every aggregation of cancer cells after increasing in size for a varying period and for a varying rate, tends spontaneously to undergo certain degenerative or regressive changes. These changes begin at the centre of the mass, spread centrifugally to its circumference and may terminate in the replacement of the mass of cancer cells by a fibrous scar."
These changes, which are exemplified in the ulceration of a primary growth, and in the umbilication of secondary deposits in the liver, appear to depend upon a breakdown of the iDiprovised vascular commissariat of the growth and upon the harmful internal pressure produced by the active proliferation of the cancer cells. These degenerative changes can be seen beginning even when the collection at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Electro-Therapeutics of cancer cells is still of microscopic size, as is a permeated lymphatic. Their onset is invariably accompanied by the advent to the neighbourhood of collections of lymphocytes. It is thus possible that in every carcinoma we have to deal with a comparatively small number of perfectly healthy and active cancer cells, and with a large mass of more or less degenerate or dying cells. The former class of cell is to be found in the permeated lymphatics of the microscopic growing edge, and at the edge of macroscopic nodules of growth which are still in the actively infiltrating stage. It seems likely that these two classes of cell differ widely in their reaction to radiation. It is probable that the crowds of degenerate cellswhich constitute the mass of a carcinoma may fall a ready prey to the reaction of radiation. Even the earliest attempts at the destruction of secondary nodules by X-rays were often locally successful. The shrinkage and disappearance of local masses of cancer may possibly indicate nothing more than the acceleration and completion of this natural process of destruction.
The real problem is not to dispatch the wounded but to attack thecancer cell in full vital activity, and to determine how it responds to radiation as compared with the degenerate cancer cell and what is theamount and character of the radiation necessarv to destroy it. Such a research is quite practicable, but necessarily laborious. It would require the co-operation of a radiologist and a histologist. Cases of breast cancer showing a moderate and regular dissemination of subcutaneous. nodules round the growth should be -selected, and a sector of the microscopic growing edge just beyond the region of visible nodules should be submitted to radiation, and compared post mortem with untreated sectors of the microscopic growing edge. So long as investigation is directed to macroscopic masses of mostly degenerate or dying cells its results must remain indeterminate and confused. Definite results can only be obtained by experiments upon the standard healthy cancer cell of the microscopic growing edge, not the edge of the primary growth or of any of the visible secondary deposits, but that of the ripple of permeation which is extending from the primary growth through the patient's lymphatic system. The detection of the microscopic growing edge of permeated lymphaticsprovided the key to the understanding of the process of dissemination. It is quite possible that a careful study of its behaviour under radiation may supply a master-key to the therapy of cancer.
DISCUSSION.
Dr. FINZI: We are under a debt of gratitude to Mr. Handley for his work in this subject, which I can assure him most radiologists have studied for many years. I myself have obtained the most valuable information from it, and have based my method of treatment of these cases largely upon his discoveries. I should be glad of Mr. Handley's opinion upon a few points to which I shall refer. In the first place, it has been suggested that as X-rays cause absorption of fibrous tissue, the irradiation of fibrosing lymphatics might release the cancer cells and prevent the natural process of healing, which was occurring in these lymphatics. I think we have nothing to fear on this score, the reason being that the dose of X-rays required to produce the absorption of fibrous tissue is much greater than that which is letbal to the carcinoma cell, consequently the carcinoma cells are killed before apy absorption of fibrous tissue takes place. My next point is a matter in which I am sure Mr. Handley has given a wrong impression inadvertently. He has tended rather to belittle the value of irradiating the axilla. Now when the axillary glands become invaded the growth proceeds in them, and after a time grows out of the glands and spreads by infiltration and permeatioh, with the axilla as a focus, in the same way in which the primary growthg spread, and also at this time spreads to the supraclavicular glands. It is therefore essential in every case thoroughly to irradiate the axillary and supraclavicular regions as well as the large skin areas around the breast to which Mr. Handley has already referred. With regard to the relative value of radium and X-rays, Owing to the necessity of thoroughly irradiating a large surface, I have for many years recommended the use of X-rays in these breast cases in preference to radium, not because the X-rays have more effect on the cancer cells-I believe they have considerably less effect-but because it is possible to irradiate thoroughly a very much larger area. With the quantities of radium we use in this country this is impossible. In America a certain institution has at its disposal as much as one and a half or two grammes of radium bromide, which it can use on one patient at a time: to this institution l4ese remarks would not apply: it can obtain results which we cannot hope for with the smaller quantities at our command. What is Mr. Handley's opinion as to whether the lethal dose of X-rays for a carcinoma cell is the same at all stages of the disease? Personally I believe it is not. I think that as the disease progresses the lethal dose becomes larger and larger until it approximates to that which would damage the healthy cells, this of course being due to somp vital reaction, stimulated by radiations, on the part of the tissues and the body against the growth. As an instance, I would cite the case we all know in which a carcinoma does well for a time and then goes ahead whether one increases or decreases the dose, or stops it altogether. I would suggest that the different behaviour of different cases of apparently the same disease is due to this cause. With respect to prophylaxis: will Mr. Handley tell us whether he has used irradiation before the operation? It need not delay the operation in any. way, as it is possible to give a sufficient dose within three-quarters ofan hour with modern apparatus. The principle on which this is based is the fact that has been clearly established, that a mouse carcinoma which has been given a sufficient dose of irradiation cannot be implanted. Mr. .Handley must remember that all surgeons do not employ the same operation as he does, and one has to deal with the average: there is no question that a number of cases occur in which carcinoma cells are implanted at the time of the operation. Now, as it has been found that an efficiently irradiated mouse carcinoma cannot be successfully inoculated into another mouse, an efficient radiation of the growth before the operation would render implantation impossible. The optimum time to irradiate is within a fortnight of the operation. With regard to technique. For many years I have used wooden points similar to the Kienbock points so as to keep the tissues at the correct distance, and in overlapping each area of exposure it is quite easy to calculate mathematically the amount of irradiation given as a result of the overlap, which should of course never exceed the maximum skin dose. Another thing is to have the opening of one's tube shield as large as possible: most of those made are much too small: personally I use one which is 4i in. wide with the tube quite close to it. By this means one is enabled to treat efficiently very large areas of skin around the original growth or the recurrence.
Mr. HANDLEY (in reply): I do not wish to minimize the importance of X-ray treatment of the axillary glands. It is doubtless true, as Dr. Finzi said, that an infected axillary gland in time acts as a focus of further spread, but in the past undue attention has been directed to the axillary glands to the neglect of more important avenues of spread. Regarding the question of preoperative irradiation, I have only made use of it when for some unusual routine the operation has had to be deferred. Dr. Finzi has, however, brought forward very strong arguments in its favour as a routine procedure, and I propose in future to adopt the practice.
